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&DWWDLOVDV)DUDVWKH(\H&DQ6HH
%DFNJURXQG
6WDQGLQJRQWKHVKRUHVRIWKH*UHDW/DNHV
LQ1RUWK$PHULFD\RXPLJKWWKLQNWKDWWKH
VKRUHOLQHKDVDOZD\VEHHQLQLWVSUHVHQW
ORFDWLRQ+RZHYHU\RXZRXOGEHZURQJ
:DWHUOHYHOVLQWKH*UHDW/DNHVKDYH
FKDQJHGGUDPDWLFDOO\LQWKHSDVWDVFOLPDWH
YDULHGQDWXUDOO\RYHUWLPH$VZDWHUOHYHOV
URVHDQGIHOOWKHSRVLWLRQRIWKHVKRUHOLQH
VKLIWHG3ODQWDQGDQLPDOFRPPXQLWLHVRI
WKH*UHDW/DNHVWKXVHYROYHGWRDGMXVWWR
WKHFRQWLQXDOIOXFWXDWLRQLQZDWHUOHYHO
DQGFKDQJHVLQVKRUHOLQH7KHELRORJLFDO
HIIHFWVRIIOXFWXDWLQJODNHOHYHOVDUHJUHDW
HVWLQZHWODQGVZKHUHHYHQVPDOOFKDQJHV
FDQUHVXOWLQFRQYHUVLRQRIRSHQZDWHUWR
PXGIODWRUYLFHYHUVDWKXVDIIHFWLQJWKH
GLYHUVLW\DQGKHDOWKRISODQWFRPPXQLWLHV
DQGWKHKDELWDWVWKH\SURYLGHIRUDQLPDOV
5HJXODWLRQRI/DNH2QWDULRZDWHUOHY
HOVEHJLQQLQJDURXQGIROORZLQJFRQ
VWUXFWLRQRIWKH6W/DZUHQFH6HDZD\UH
GXFHGWKHUDQJHRIDQQXDOYDULDELOLW\IURP
PWRP/RZODNHOHYHOVGXULQJWKH
JURZLQJVHDVRQQRORQJHURFFXUHYHQLQ
ORZZDWHUVXSSO\\HDUV
3DVWVWXGLHVLGHQWLILHGDUHVXOWDQWDOWHUD
WLRQRIZHWODQGSODQWFRPPXQLWLHVHVSH
FLDOO\LQYDVLRQE\FDWWDLOV7KHILYH\HDU
/DNH2QWDULR6W/DZUHQFH5LYHUVWXG\
/26/5VSRQVRUHGE\WKH86&DQDGLDQ
ELSDUWLVDQ,QWHUQDWLRQDO-RLQW&RPPLVVLRQ
,-&SURYLGHGDQRSSRUWXQLW\WRH[SORUH
WKHHIIHFWVRIODNHOHYHOUHJXODWLRQRQZHW
ODQGVLQPXFKJUHDWHUGHWDLO,WDOVRIRV
WHUHGGHYHORSPHQWRISUHGLFWLYHPRGHOVIRU
HYDOXDWLQJWKHSRWHQWLDOHIIHFWVRISURSRVHG
QHZUHJXODWLRQSODQVRQZHWODQGSODQW
FRPPXQLWLHV
7KLV6:65HVHDUFK%ULHIVXPPDUL]HV
UHFHQWO\SXEOLVKHGLQIRUPDWLRQODUJHO\
GLUHFWHGWRZDUGWKH*UHDW/DNHVVFLHQWLILF
SXEOLFZLWKWKHLQWHQWRISUHVHQWLQJLWWR
WKHODUJHUZHWODQGDXGLHQFH

6WXG\*RDO
7KHREMHFWLYHVRIWKHZHWODQGSRUWLRQRI
WKH,-&VWXG\ZHUHWRGHPRQVWUDWHTXDQWL
WDWLYHFKDQJHVLQSODQWFRPPXQLWLHVGHWHU
PLQHZDWHUOHYHOSDWWHUQVWKDWEHVWPDLQ
WDLQKDELWDWGLYHUVLW\IRUDYDULHW\RIILVK
DQGZLOGOLIHDQGGHYHORSSUHGLFWLYHPRG
HOVDQGSHUIRUPDQFHLQGLFDWRUVWRHYDOXDWH
SURSRVHGQHZUHJXODWLRQSODQVIRU/DNH
2QWDULR6SHFLILFWDVNVLQFOXGHGHYDOXDWLQJ
DQGTXDQWLI\LQJYHJHWDWLRQFKDQJHVXVLQJ
KLVWRULFDODHULDOSKRWRJUDSKVFRPSOHWLQJD
ZHWODQGLQYHQWRU\DQGFODVVLILFDWLRQIRU
/DNH2QWDULRDQGWKH8SSHU6W/DZUHQFH
5LYHUVDPSOLQJSODQWFRPPXQLWLHVWKDW
UHSUHVHQWXQLTXHK\GURORJLFKLVWRULHVGH
YHORSLQJEDWK\PHWULFWRSRJUDSKLFPRGHOV
IRUIRXU/DNH2QWDULRZHWODQGJHRPRUSKLF
W\SHVWKDWUHODWHSODQWFRPPXQLWLHVDQG
DQLPDOKDELWDWVWRZDWHUGHSWKVDVGHWHU
PLQHGE\ODNHOHYHOVGHYHORSLQJSUHIHUUHG
ZDWHUOHYHOUHJXODWLRQSODQVWKDWZRXOG
UHGXFHHQYLURQPHQWDOGDPDJHDQGXVLQJ
WKHPRGHOVDQGVWXG\UHVXOWVWRSUHGLFWWKH
SRWHQWLDOHIIHFWVRQZHWODQGVRIDOOSUR
SRVHGQHZZDWHUOHYHOUHJXODWLRQSODQV
6WXG\$UHD
7KHVWXG\VLWHVVHOHFWHGIRUWKLVZRUN
ZHUHGLVWULEXWHGDFURVVWKH/DNH2QWDULR±
8SSHU6W/DZUHQFH5LYHUDUHDDQGLQFOXG
HGHLJKWZHWODQGVRIHDFKRIIRXUJHR
PRUSKLFW\SHVRSHQHPED\PHQWSURWHFWHG
HPED\PHQWEDUULHUEHDFKDQGGURZQHG
ULYHUPRXWK+DOIZHUHLQ&DQDGDDQGKDOI
ZHUHLQWKH8QLWHG6WDWHV7KHVHVLWHVZHUH
LQWHQGHGWRUHSUHVHQWDWRWDORIZHW
ODQGVWRWDOLQJKHFWDUHVLGHQWLILHGLQ
WKHZHWODQGLQYHQWRU\
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0HWKRGV
$HULDO3KRWRJUDSK,QWHUSUHWDWLRQ
$WDSSUR[LPDWHO\GHFDGDOLQWHUYDOVDHULDO
SKRWRJUDSKVIURPWRZHUHXVHG
WRPDSKLVWRULFDOFKDQJHVLQZHWODQGYHJH
WDWLRQW\SHVDWWKHVWXG\VLWHVXVLQJSKR
WRLQWHUSUHWDWLRQDQGJURXQGWUXWKLQJ7KH
UHVXOWLQJYHJHWDWLRQPDSVZHUHDQDO\]HG
XVLQJDJHRJUDSKLFLQIRUPDWLRQV\VWHP
*,6$UHDDQGSHUFHQWYHJHWDWHGFRYHU
ZHUHFDOFXODWHGIRUHDFKYHJHWDWLRQFDWHJR
U\DQGVXPPDUL]HGE\VLWHDQGJHRPRUSKLF
W\SH
)LHOG6XUYH\V
%DWK\PHWULFWRSRJUDSKLFGDWDIRUHDFKVLWH
ZHUHXVHGWRFUHDWHGHWDLOHGHOHYDWLRQPDSV
ZLWKLQD*,6PRGHOIUDPHZRUN3ODQWFRP
PXQLW\GDWDZHUHFROOHFWHGE\VDPSOLQJ
DORQJWRSRJUDSKLFFRQWRXUVDWVSHFLILFHOH
YDWLRQVUHSUHVHQWLQJGLIIHUHQWIORRGLQJ
GHZDWHULQJKLVWRULHVDVVRFLDWHGZLWKSDVW
ODNHOHYHOFKDQJHV6LQFHWKHH[LVWLQJZHW
ODQGYHJHWDWLRQLQWKHODNHGHYHORSHGLQ
UHVSRQVHWRWKHKLVWRU\RIKLJKDQGORZ
ODNHOHYHOVWKHVHOHFWHGHOHYDWLRQVUHIOHFW
HGODNHOHYHOKLVWRU\7KHK\GURORJLFFRQ
GLWLRQVDWWKHHOHYDWLRQVXVHGIRUVDPSOLQJ
WUDQVHFWV$*ZHUHDVIROORZV$ODVW
IORRGHG\HDUVDJR%ODVWIORRGHG
\HDUVDJR&ODVWIORRGHG\HDUVDJR'
ODVWIORRGHG\HDUDJRDQGODVWGHZDWHUHG
GXULQJJURZLQJVHDVRQ\HDUVDJR
YDULDEOHIORRGLQJDQGGHZDWHULQJRYHU
SDVW\HDUV(ODVWGHZDWHUHGGXULQJ
JURZLQJVHDVRQ\HDUVDJR)ODVWGH
ZDWHUHGGXULQJJURZLQJVHDVRQ\HDUV
DJR*ODVWGHZDWHUHGGXULQJJURZLQJ
VHDVRQ\HDUVDJR
'HYHORSPHQWRI3UHGLFWLYH0RGHOV
7RDVVHVVSURSRVHGQHZUHJXODWLRQSODQV
*,6EDVHGSUHGLFWLYHPRGHOVZHUHFRQ
VWUXFWHGE\EXLOGLQJLQGLYLGXDOVLWHHOHYD
WLRQPRGHOVDQGJHQHUDOL]HGPRGHOVUHSUH
VHQWLQJHDFKJHRPRUSKLFW\SH:HWODQG
SODQWSURILOHVZHUHWKHQDVVLJQHGWRWKH
PRGHOVEDVHGRQILHOGVXUYH\GDWDWKDW
UHODWHGWRSDVWIORRGLQJGHZDWHULQJHYHQWV
7KHRXWSXWIURPWKHPRGHOVZDVLQWKH
IRUPRISHUFHQWRIZHWODQGDUHDSUHGLFWHG
WREHLQHDFKSODQWFRPPXQLW\W\SHDFURVV
D\USHULRGRISDVWZDWHUVXSSO\
 7KHEHVWLQGLFDWRURIWKHHIIHFWRIUHJX
ODWLRQRQZHWODQGVZDVWKHSHUFHQWDJHRI
ZHWODQGLQVHGJHJUDVVPHDGRZPDUVKLQ
\HDUVIROORZLQJORZZDWHUVXSSOLHV$Q
XQUHJXODWHGODNHZRXOGKDYHORZZDWHU
OHYHOVLQWKRVH\HDUVWKDWZRXOGSURPRWH
JURZWKRIVHGJHVDQGJUDVVHVVRSODQVWKDW
PRUHFORVHO\PLPLFNHGWKLVQDWXUDOUH
VSRQVHWRORZVXSSOLHVZRXOGUHVXOWLQ
PRUHPHDGRZPDUVK
7KHSUHGLFWLYHPRGHOVZHUHWKHQXVHG
WRWHVWIRXUSURSRVHGQHZSODQVIRUUHJXOD
WLRQRIODNHOHYHOV$%'DQG
WRPDNHFRPSDULVRQVZLWKWKHFXUUHQWSODQ
''DQGXQUHJXODWHGFRQGLWLRQV
3ODQ%ZDVGHYHORSHGWRHQKDQFHWKH
HQYLURQPHQWE\LQFUHDVLQJYDULDELOLW\3ODQ
$HQKDQFHGHFRQRPLFEHQHILWVDQGPDLQ
WDLQHGUHGXFHGYDULDELOLW\3ODQ'EOHQG
HGHFRQRPLFDQGHQYLURQPHQWDOEHQHILWV
ZKLOHDWWHPSWLQJWRPLQLPL]HORVVHVWR
HDFKDQG3ODQZDVGHYHORSHGDVD
FRPSURPLVHDPRQJSODQV


)LQGLQJV
$HULDO3KRWRJUDSK,QWHUSUHWDWLRQ
,QGHSWKDQDO\VHVRIDHULDOSKRWRJUDSKV
VSDQQLQJDSHULRGIURPWKHVWR
VKRZHGWKDWPHDGRZPDUVKZDVWKHPRVW
SURPLQHQWYHJHWDWLRQW\SHLQPRVWZHW
ODQGVLQWKHODWHVZKHQZDWHUOHYHOV
KDGGHFOLQHGIROORZLQJKLJKVLQWKHHDUO\
V0HDGRZPDUVKLQFUHDVHGDWVRPH
VLWHVGXULQJORZOHYHOVLQWKHPLGV
DQGGHFUHDVHGDWDOOVLWHVLQUHVSRQVHWR
KLJKODNHOHYHOVLQWKHV0HDGRZ
PDUVKFRQWLQXHGWRGHFUHDVHDQGFDWWDLOWR
LQFUHDVHDWPRVWVLWHVGXULQJVXVWDLQHG
KLJKHUODNHOHYHOVWKURXJKWKHV
VDQGLQWR
6LWHE\VLWHDQDO\VHVVKRZHGWKDWPRVW
YHJHWDWLRQFKDQJHVFRXOGEHFRUUHODWHG
ZLWKODNHOHYHOFKDQJHVDQGZLWKOLIH
KLVWRU\VWUDWHJLHVDQGFKDUDFWHULVWLFVRI
LQGLYLGXDOSODQWVSHFLHVHVSHFLDOO\WROHU
DQFHVWRZDWHUGHSWK
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 $QDO\VHVRI*,6FRYHUDJHVRIWKH
PHDGRZPDUVKDQGFDWWDLOYHJHWDWLRQW\SHV
GHPRQVWUDWHGWKDWPXFKRIWKHFDWWDLOLQYD
VLRQZDVODQGZDUGLQWRPHDGRZPDUVK
ODUJHO\E\K\EULGFDWWDLO/HVVHUH[SDQVLRQ
WRZDUGRSHQZDWHULQFOXGHGERWKK\EULG
DQGQDUURZOHDIFDWWDLO
 7KHUHVXOWVVXJJHVWWKDWFDQRS\
GRPLQDWLQJPRLVWXUHUHTXLULQJFDWWDLOV
ZHUHDEOHWRLQYDGHPHDGRZPDUVKDW
KLJKHUHOHYDWLRQVEHFDXVHVXVWDLQHGKLJKHU
ODNHOHYHOVDOORZHGWKHPWRVXUYLYHDQG
RXWFRPSHWHVHGJHVDQGJUDVVHVWKDWFDQ
WROHUDWHSHULRGVRIGULHUVRLOFRQGLWLRQV


)LHOG6XUYH\V
,QJHQHUDOWKHSODQWFRPPXQLWLHVDWHOHYD
WLRQVWKDWKDGQRWEHHQIORRGHGIRUILYHRU
PRUH\HDUVWUDQVHFWV$%&ZHUHGRPL
QDWHGE\VHGJHVDQGJUDVVHVDQGWKRVHWKDW
KDGQRWEHHQGHZDWHUHGIRU±\HDUV(
DQG)ZHUHGRPLQDWHGE\FDWWDLOV7KH
LQWHUYHQLQJWUDQVHFW'WKDWZDVLQWHUPLW
WHQWO\IORRGHGDQGGHZDWHUHGRYHUDILYH
\HDUVSDQFRQWDLQHGDFRPELQDWLRQRIVHGJ
HVJUDVVHVFDWWDLOVDQGRWKHUHPHUJHQW
VSHFLHV3ODQWFRPPXQLWLHVWKDWKDGQRW
EHHQGHZDWHUHGLQWKHJURZLQJVHDVRQIRU
RUPRUH\HDUV*ZHUHGRPLQDWHGE\
IORDWLQJDQGVXEPHUVHGVSHFLHV

3UHGLFWLYH0RGHOV
,Q\HDUVZKHQUHGXFHGZDWHUVXSSOLHV
ZRXOGDOORZPHDGRZPDUVKUHJHQHUDWLRQ
WKHPRGHOVSUHGLFWHGWKDWVLPXODWHGXQUHJ
XODWHGODNHOHYHOVZRXOGSURGXFHWKHPRVW
PHDGRZPDUVKLQDOOZHWODQGJHRPRUSKLF
W\SHVFXUUHQWUHJXODWLRQ3ODQ''
ZRXOGSURGXFHWKHOHDVW2YHUDOOSUHGLFWHG
SHUFHQWPHDGRZPDUVKXQGHUWKHWHVWSODQV
GHFUHDVHGLQWKHRUGHU%'DQG
$WKHODWWHUWKUHHSODQVZLWKUHGXFHG
YDULDELOLW\SURGXFHGUDWKHUVLPLODUUHVXOWV
/RZHUSHUFHQWDJHVRIPHDGRZPDUVKXQ
GHUVRPHSODQVZHUHGXHWRODFNRIODNH
OHYHOVORZHQRXJKWRDOORZVRLOVWRGU\DQG
UHVWULFWLQYDVLRQE\FDWWDLOVDVZHOODVODFN
RISHULRGLFKLJKOHYHOVWKDWFRXOGNLOOLQ
YDGLQJXSODQGSODQWV
6LJQLILFDQFH
7KHGHYHORSPHQWRITXDQWLWDWLYHUHODWLRQV
EHWZHHQZDWHUOHYHOVDQGZHWODQGSODQW
FRPPXQLWLHVJHQHUDOL]HGJHRPHWULFZHW
ODQGHOHYDWLRQPRGHOVDQGHVWLPDWHVRI
ZHWODQGDUHDZLWKLQWKHVWXG\UHJLRQSUR
YLGHVSRZHUIXOSUHGLFWLYHWRROVWRHYDOXDWH
SRWHQWLDOLPSDFWVRIDOWHUQDWLYHZDWHUOHYHO
UHJXODWLRQSODQVRQ/DNH2QWDULR±8SSHU
6W/DZUHQFHFRDVWDOZHWODQGKDELWDWV
0RGHUDWLRQRIODNHOHYHOIOXFWXDWLRQV
VLQFHUHJXODWLRQEHJDQKDVVLJQLILFDQWO\
UHVWULFWHGWKHORQJWHUPK\GURORJLFHQYL
URQPHQWLPSRUWDQWWRPDLQWDLQPHDGRZ
PDUVKFRPPXQLWLHV0RGHUDWLRQRIORQJ
WHUPIOXFWXDWLRQVDOVRFUHDWHGK\GURORJLF
FRQGLWLRQVWKDWVXSSRUWHGH[SDQVLRQRI
DJJUHVVLYHFDWWDLOVDQGUHGXFWLRQRIVSHFLHV
ULFKQHVV5HGXFWLRQLQZHWODQGKDELWDW
TXDOLW\ZDVOLNHO\IXUWKHUPDJQLILHGDWVLWHV
WKDWZHUHDOVRLPSDFWHGE\VWUHVVRUVVXFK
DVLQFUHDVHGQXWULHQWDQGVHGLPHQWLQSXWV
IURPVXUURXQGLQJODQGXVHV
$WPRVWVLWHVWKHLQFUHDVHLQFDWWDLO
GRPLQDWHGDUHDGLGQRWUHVXOWIURPODNH
ZDUGH[SDQVLRQLWZDVWKHUHVXOWRIK\EULG
FDWWDLOLQYDVLRQLQWRH[LVWLQJPHDGRZ
PDUVKDWKLJKHUHOHYDWLRQV
 /DFNRIORZZDWHUOHYHOVVLQFHWKHPLG
VVHHPLQJO\DOORZHGFDWWDLOVZKLFK
KDYHDJUHDWHUUHTXLUHPHQWIRUZDWHUWR
GLVSODFHPHDGRZPDUVKDWKLJKHUHOHYD
WLRQV$VDUHVXOWPRUHWKDQRIWKH
PHDGRZPDUVKDUHDWKDWRFFXUUHGZLWKLQ
WKH/DNH2QWDULR±8SSHU6W/DZUHQFH
5LYHUEDVLQGXULQJWKHPLGWRODWHV
KDVEHHQUHSODFHGE\FDWWDLOGRPLQDWHG
HPHUJHQWPDUVK$WPDQ\VWXG\VLWHVWKH
ORVVLQDUHDRIPHDGRZPDUVKYHJHWDWLRQ
VLQFHWKHVH[FHHGV
7KHPDMRUGLIIHUHQFHVEHWZHHQWKHFXU
UHQWDQGSURSRVHGUHJXODWLRQSODQVLVWKHLU
DELOLW\WRDOORZORZODNHOHYHOVWRRFFXU
GXULQJSHULRGVRIORZZDWHUVXSSO\7KH
PHFKDQLVPVWKDWGULYHHQYLURQPHQW3ODQ
%SURYLGHERWKKLJKDQGORZODNHOHYHOV
DFURVVWKH\HDUVWXG\SHULRG7KH
PHFKDQLVPVEHKLQGWKHRWKHUSODQVLQFOXG
LQJFRPSURPLVH3ODQUHVWULFWWKH
UDQJHRIIOXFWXDWLRQV7KXV3ODQ%LV
SUHGLFWHGWRFUHDWHKDPRUHPHDGRZ
PDUVKODNHZLGHWKDQ3ODQLQUHVSRQVH
WRORZQHWEDVLQVXSSOLHV6HDVRQDOKLJK
DQGORZODNHOHYHOVWKDWDIIHFWKDELWDWIRU
ILVKDQGZLOGOLIHUHSUHVHQWPRUHGLIIHU
HQFHVEHWZHHQ3ODQV%DQG7KH
PRGHOHYDOXDWLRQVGHPRQVWUDWHGWKDWLQ
FUHDVHVLQPHDGRZPDUVKUHTXLUHSHULRGLF
KLJKODNHOHYHOVIROORZHGE\DSHULRGRI
VHYHUDO\HDUVRIORZODNHOHYHOVZKLFKLV
FRQVLVWHQWZLWKWKHSKRWRLQWHUSUHWDWLRQ
VWXGLHVDQGFXUUHQWJHQHUDONQRZOHGJHRI
*UHDW/DNHVZHWODQGSURFHVVHV
 7KHSUHGLFWLYHPRGHOVIRUZHWODQG
SODQWFRPPXQLWLHVSURYLGHGYDOXDEOHLQSXW
LQWR,QWHUQDWLRQDO-RLQW&RPPLVVLRQGHOLE
HUDWLRQVRQQHZUHJXODWLRQSODQVDQGZHUH
DOVRLQFRUSRUDWHGLQWRIDXQDOSUHGLFWLYH
PRGHOVXVHGIRUWKDWSXUSRVH+RZHYHU
WKH,-&PXVWHYDOXDWHWKHLQWHUHVWVRIDOO
VWDNHKROGHUVDQGDYRLGXQGXHLPSDFWVWR
DQ\LQWHUHVW7KHLQLWLDO,-&VHOHFWLRQRI
3ODQZDVVXEVHTXHQWO\ZLWKGUDZQ
DQGIXUWKHUGHOLEHUDWLRQVRQUHYLVLRQVRI
HQYLURQPHQW3ODQ%DUHWDNLQJSODFH
62&,(7<2):(7/$1'6&,(17,676
%UDGGRFN%D\(DVW*RRVH%D\6RXWK&ROZHOO3RQG 6WRQ\&UHHN
2SHQ(PED\PHQW3URWHFWHG(PED\PHQW%DUULHU%HDFK 'URZQHG5LYHU0RXWK
&DWWDLOLQYDGLQJPHDGRZPDUVK
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$GGLWLRQDO,QIRUPDWLRQ
+XGRQ&'$:LOFR[DQG-:,QJUDP0RGHOLQJZHWODQGSODQWFRPPXQLW\UH
 VSRQVHWRDVVHVVZDWHUOHYHOUHJXODWLRQVFHQDULRVLQWKH/DNH2QWDULR6W/DZUHQFH
 5LYHUEDVLQ(QYLURQPHQWDO0RQLWRULQJDQG$VVHVVPHQW
:LOFR['$.3.RZDOVNL++RDUH0/&DUOVRQDQG+0RUJDQ&DWWDLOLQ
 YDVLRQRIVHGJHJUDVVPHDGRZVDQGUHJXODWLRQRI/DNH2QWDULRZDWHUOHYHOVSKRWRLQ
 WHUSUHWDWLRQDQDO\VLVRIVL[WHHQZHWODQGVRYHUILYHGHFDGHV-RXUQDORI*UHDW/DNHV
 5HVHDUFK
:LOFR['$DQG-(0HHNHU:HWODQGVLQUHJXODWHG*UHDW/DNHVS,Q
 (7/D5RH*6)DUULV&(3XFNHWW3''RUDQDQG0-0DFHGV2XU/LYLQJ
 5HVRXUFHVD5HSRUWWRWKH1DWLRQRQWKH'LVWULEXWLRQ$EXQGDQFHDQG+HDOWKRI86
 3ODQWV$QLPDOVDQG(FRV\VWHPV86'2,1DWLRQDO%LRORJLFDO6HUYLFH:DVKLQJWRQ'&
:LOFR['$7$7KRPSVRQ5.%RRWKDQG-51LFKRODV/DNHOHYHOYDULDELOLW\DQGZDWHUDYDLODELOLW\LQWKH*UHDW/DNHV
 86*HRORJLFDO6XUYH\&LUFXODUKWWSSXEVXVJVJRYFLUFSGIFLUFBZHESGI
:LOFR['$DQG<;LH3UHGLFWLQJZHWODQGSODQWUHVSRQVHVWRSURSRVHGZDWHUOHYHOUHJXODWLRQSODQVIRU/DNH2QWDULR*,6
 EDVHGPRGHOLQJ-RXUQDORI*UHDW/DNHV5HVHDUFK
:LOFR['$DQG<;LH3UHGLFWHGHIIHFWVRISURSRVHGQHZUHJXODWLRQSODQVRQVHGJHJUDVVPHDGRZVRI/DNH2QWDULR
 -RXUQDORI*UHDW/DNHV5HVHDUFK
$FNQRZOHGJPHQWV7KHUHVXOWVGHVFULEHGDERYHZHUHREWDLQHGLQFROODERUDWLRQZLWK0DUWKD&DUOVRQ0D]XU0RUJDQ&UXWFKHU
*UHJ*UDEDV+ROO\+RDUH.ULVWD+ROPHV-RHO,QJUDP.XUW.RZDOVNL-DPHV0HHNHU1DQF\3DWWHUVRQDQG<LFKXQ;LH
8VHRIWKLV'RFXPHQW
'LVFODLPHU$Q\FRQFOXVLRQVRSLQLRQVRUUHFRPPHQGDWLRQVVWDWHGLQWKLVGRFXPHQW
DUHWKRVHRIWKHDXWKRUVDQGQRWQHFHVVDULO\WKRVHRIWKH6RFLHW\RI:HWODQG6FLHQWLVWV
6:6DFFHSWVQRUHVSRQVLELOLW\RUOLDELOLW\IRUDQ\FRQVHTXHQFHVDULVLQJIURPWKHXVHRI
VXFKLQIRUPDWLRQ

&RS\ULJKW$OOPDWHULDOVSXEOLVKHGLQ6:65HVHDUFK%ULHIVDUHSURWHFWHGE\FRS\
ULJKW6:6JUDQWVSHUPLVVLRQWRGRZQORDGWKLVGRFXPHQWIRUSHUVRQDOQRQFRPPHUFLDO
XVH6:6GRHVQRWJUDQWWKHULJKWWRUHVHOORUUHGLVWULEXWHDQ\WH[WLPDJHVRUJUDSKLFV
IURPWKLVGRFXPHQW8VHUVPD\QRWPRGLI\SXEOLVKSDUWLFLSDWHLQWKHVDOHRIFUHDWH
GHULYDWLYHZRUNVIURPRUH[SORLWDQ\RIWKHFRQWHQWZLWKRXWREWDLQLQJSULRUZULWWHQDX
WKRUL]DWLRQ7RREWDLQSHUPLVVLRQWRGLVSOD\RUXVHDQ\FRQWHQWRIWKLVGRFXPHQW
SOHDVHPDNHDUHTXHVWIRUDXWKRUL]DWLRQE\FRQWDFWLQJ6:6ZZZVZVRUJ
3DJH 1R  
$ERXWWKH$XWKRU
'RXJODV:LOFR[LVWKH(PSLUH,QQRYDWLRQ3URIHVVRURI:HWODQG6FLHQFHDWWKH&ROOHJHDW%URFN
SRUW6WDWH8QLYHUVLW\RI1HZ<RUNLQZHVWHUQ1HZ<RUN6WDWH+HUHWLUHGIURPWKH86*HRORJL
FDO6XUYH\LQDQGUHWLUHGIURP\HDUVDV(GLWRULQ&KLHIRIWKHMRXUQDO:HWODQGVDWWKHHQG
RI+HLVDOVRD)HOORZRIWKH6RFLHW\RI:HWODQG6FLHQWLVWVDQGDFHUWLILHG3URIHVVLRQDO:HW
ODQG6FLHQWLVW+LVPDLQUHVHDUFKLQWHUHVWVLQYROYHWKHLQWHUDFWLRQVRIZHWODQGSODQWFRPPXQLWLHV
DQGK\GURORJ\ZLWKDIRFXVRQ*UHDW/DNHVZHWODQGV+LVFRQWLQXLQJUHVHDUFKLVJHDUHGWRZDUG
ZHWODQGUHVWRUDWLRQHVSHFLDOO\LQ/DNH2QWDULR

&RQWDFW,QIRUPDWLRQ
'U'RXJODV$:LOFR['HSDUWPHQWRI(QYLURQPHQWDO6FLHQFHDQG%LRORJ\681<7KH&ROOHJH
DW%URFNSRUW1HZ&DPSXV'ULYH%URFNSRUW1<HPDLOGZLOFR[#EURFNSRUWHGX
6HULHV*XHVW(GLWRU
0D[)LQOD\VRQ
PILQOD\VRQ#FVWHGXDX
)RUPRUHLQIRUPDWLRQ
DERXWWKH6:65HVHDUFK
%ULHIFRQWDFW
.DUHQ/0F.HH
PFNHHN#XVJVJRY
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6HGJHJUDVVPHDGRZPDUVK
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